
STUDY PROTOCOL

   HALO: Study protocol for a single-case experimental 

design study evaluating the moderating impact of a 

befriending intervention on the association between 

loneliness and health in older adults [version 2; peer review: 2 

approved]

Caoimhe Hannigan 1, Paul Hanly1, Frank Kee2, Brian Lawlor3, Eimile Holton3, 
Cathal Walsh4, Thomas Scharf 5, Robert Coen6, Vicky Leatham7, 
Sean Moynihan7, Keith Lane7, Joanna McHugh Power 8

1School of Business, National College of Ireland, Mayor St, Dublin 1, Ireland 
2Centre for Public Health, Queen's University Belfast, Belfast, BT12 6BJ, UK 
3School of Medicine, Trinity College Dublin, University of Dublin, Dublin 2, Ireland 
4Department of Maths and Statistics, University of Limerick, Limerick, Ireland 
5Population Health Sciences Institute, Newcastle University, Newcastle, UK 
6St James's Hospital, Dublin 8, Ireland 
7ALONE, Pleasants Street, Dublin 8, Ireland 
8Department of Psychology, Maynooth University, Kildare, Ireland 

First published: 04 Sep 2020, 3:60  
https://doi.org/10.12688/hrbopenres.13104.1
Latest published: 31 Jan 2022, 3:60  
https://doi.org/10.12688/hrbopenres.13104.2

v2

 
Abstract 
Background: Loneliness in later life is often addressed with 
befriending interventions, yet evidence for their effectiveness is 
limited. Meanwhile it is known that loneliness has a deleterious impact 
on health. The aim of the study is to evaluate whether a befriending 
service for older adults mitigates the impact of loneliness on health 
outcomes, and to identify mechanisms through which befriending 
interventions might impact upon health. 
Methods: A mixed methods design is used. The quantitative 
component utilises an AB single-case experimental design, to gather 
intensive longitudinal data. These data will be analysed using a 
generalised additive modelling approach. The qualitative component 
of the study uses semi-structured dyadic interviews, structured and 
analysed according to the principles of constructivist grounded 
theory. Findings will then be triangulated according to an existing 
mixed methods integration protocol. 
Discussion: This mixed methods design has the potential to inform 
national and international policy in relation to befriending 

Open Peer Review

Reviewer Status   

Invited Reviewers

1 2

version 2

(revision)
31 Jan 2022

report

version 1
04 Sep 2020 report report

Felix Naughton , University of East Anglia, 

Norwich, UK

1. 

Frances Dark, Metro South Addiction and 

Mental Health Services, Princess Alexandra 

2. 

HRB Open Research

 
Page 1 of 17

HRB Open Research 2022, 3:60 Last updated: 08 FEB 2022

https://hrbopenresearch.org/articles/3-60/v2
https://hrbopenresearch.org/articles/3-60/v2
https://hrbopenresearch.org/articles/3-60/v2
https://hrbopenresearch.org/articles/3-60/v2
https://orcid.org/0000-0001-8911-2655
https://orcid.org/0000-0003-4909-1487
https://orcid.org/0000-0002-7387-3107
https://doi.org/10.12688/hrbopenres.13104.1
https://doi.org/10.12688/hrbopenres.13104.2
https://hrbopenresearch.org/articles/3-60/v2
jar:file:/work/f1000research/webapps/ROOT/WEB-INF/lib/service-1.0-SNAPSHOT.jar!/com/f1000research/service/export/pdf/#
https://hrbopenresearch.org/articles/3-60/v1
jar:file:/work/f1000research/webapps/ROOT/WEB-INF/lib/service-1.0-SNAPSHOT.jar!/com/f1000research/service/export/pdf/#
jar:file:/work/f1000research/webapps/ROOT/WEB-INF/lib/service-1.0-SNAPSHOT.jar!/com/f1000research/service/export/pdf/#
https://orcid.org/0000-0001-9790-2796
http://crossmark.crossref.org/dialog/?doi=10.12688/hrbopenres.13104.2&domain=pdf&date_stamp=2022-01-31


Corresponding authors: Caoimhe Hannigan (caoimhe.hannigan@ncirl.ie), Joanna McHugh Power (Joanna.McHughPower@mu.ie)
Author roles: Hannigan C: Conceptualization, Data Curation, Funding Acquisition, Investigation, Methodology, Project Administration, 
Writing – Original Draft Preparation, Writing – Review & Editing; Hanly P: Conceptualization, Funding Acquisition, Writing – Review & 
Editing; Kee F: Conceptualization, Funding Acquisition, Methodology, Writing – Review & Editing; Lawlor B: Conceptualization, Funding 
Acquisition, Methodology, Writing – Review & Editing; Holton E: Formal Analysis, Investigation, Writing – Review & Editing; Walsh C: 
Conceptualization, Funding Acquisition, Methodology, Writing – Review & Editing; Scharf T: Conceptualization, Funding Acquisition, 
Methodology, Writing – Review & Editing; Coen R: Conceptualization, Funding Acquisition, Methodology, Writing – Review & Editing; 
Leatham V: Resources, Writing – Review & Editing; Moynihan S: Funding Acquisition, Resources, Writing – Review & Editing; Lane K: 
Resources, Writing – Review & Editing; McHugh Power J: Conceptualization, Data Curation, Formal Analysis, Funding Acquisition, 
Investigation, Methodology, Project Administration, Supervision, Writing – Original Draft Preparation, Writing – Review & Editing
Competing interests: No competing interests were disclosed.
Grant information: Health Research Board [APA 2017 004]. 
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Copyright: © 2022 Hannigan C et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
How to cite this article: Hannigan C, Hanly P, Kee F et al. HALO: Study protocol for a single-case experimental design study 
evaluating the moderating impact of a befriending intervention on the association between loneliness and health in older 
adults [version 2; peer review: 2 approved] HRB Open Research 2022, 3:60 https://doi.org/10.12688/hrbopenres.13104.2
First published: 04 Sep 2020, 3:60 https://doi.org/10.12688/hrbopenres.13104.1 
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Introduction
Befriending services are often used to provide social  
connection to individuals who are socially isolated. The service 
typically involves trained volunteers being matched with a  
service user in a structured manner, e.g. for weekly visits.  
Befriending services may improve health, since elective  
relationships have a positive impact on health (Golden et al., 
2009). Befriending services have also been shown to reduce  
loneliness (Lawlor et al., 2014). Befriending may also benefit  
brain health, since social relationships are associated with a  
reduced risk of developing dementia (Kuiper et al., 2015;  
Morley et al., 2015). A relatively new term, brain health refers 
to the preservation of optimal mental and cognitive func-
tion in the face of age-related decline, and in the absence of  
disease-related decline (Wang et al., 2020).

However, the theoretical basis for how befriending might  
impact health is poorly understood (Lester et al., 2012). The  
causal cascade model has been used to explain the impact of  
social engagement on health (Berkman et al., 2000) and  
cognitive decline (Zunzunegui et al., 2003) and could con-
stitute a model of the relationship between befriending and 
brain health. In this model, social engagement confers a health 
benefit to individuals at a series of levels from the macro  
(cultural norms, urbanisation), the mezzo (social network size, 
reciprocity of ties) to the micro (emotional social support,  
intimate contact), which all influence health or cognitive  
functioning via behavioural (e.g. help-seeking behaviour,  
diet), psychological (e.g. self-esteem), and physiological (e.g. 
immune system function, allostatic load) pathways.

Befriending may improve health partly via its effect on  
loneliness (McGoldrick et al., 2017), which affects 10% of older 
Irish adults (Harvey & Walsh, 2016). Reducing loneliness is  
a desirable outcome because of its associations with various  

undesirable outcomes including depression (O’Luanaigh &  
Lawlor, 2008), dementia (Wilson et al., 2007) and poor quality 
of life (Ekwall et al., 2005). Researchers have predicted 
that befriending services could reduce dementia by 0.21% 
through reducing loneliness (Owen et al., 2016). However, this 
prediction has not been formally evaluated.

As has been highlighted previously (Harvey & Walsh, 2016), 
loneliness has mostly been ignored in Irish health policies, 
and services that address loneliness are not delivered in a  
centralised or coordinated fashion. This situation differs to 
the UK, where a befriending sector is established, alongside a  
national campaign to end loneliness, which inter alia promotes 
befriending to decrease loneliness. Members of the research 
team have previously designed and evaluated two psychosocial  
interventions, one of which found that befriending alleviated  
loneliness (Lawlor et al., 2014). We also evaluated an exist-
ing befriending service and found that it was perceived as an 
effective way to reduce loneliness (Hannigan et al., 2015).

The proposed research is timely since it responds to recommen-
dations made in the Institute of Public Health’s recent report 
on loneliness in Ireland (Harvey & Walsh, 2016), and to an  
evaluation finding that Ireland has poor availability of services  
to reduce loneliness (Burke, 2015) as well as recent efforts to  
martial government funding towards loneliness services  
(Loneliness Taskforce). The research will add to the scientific 
evidence base for use of befriending interventions to improve  
health, and will help elucidate the mechanisms through which 
befriending improves health. Existing theories provide a clear 
scientific rationale for hypothesising that befriending will 
impact health, and may moderate the impact of loneliness on  
health.

Aims and objectives
Overall study aim: To improve understanding of the health- 
related impacts of befriending on older adults, and to understand 
the role of loneliness in this regard.

Hypothesis 1: Befriending services have a positive impact on 
health-related quality of life and brain health.

Hypothesis 2: Receipt of a befriending service moderates the  
negative impact of loneliness on health-related quality of life and 
brain health.

Objective of qualitative component: To explore potential  
mechanisms by which befriending impacts health in a series of 
dyadic and individual semi-structured interviews with recipients  
of a befriending service and their partnered befrienders.

Methods
This study was registered retrospectively on ClinicalTrials.gov 
(identifier NCT04301167) on 10th March 2020. As per 
ClinicalTrials.gov guidelines, registration can be completed 
at any point during the project lifespan except in the case of  
medical trials. In the case of the current study, registration was 
delayed because of staffing issues.

          Amendments from Version 1
This version of our manuscript responds to comments by 
two peer reviewers. Reviewer 1 approved the manuscript but 
included some points to consider. Reviewer 2 approved the 
manuscript with some specific points of recommendation. 

To respond to both reviewers, then, we have clarified the design 
of the study (not a traditional n of 1; identity of the primary and 
secondary study outcomes), extended our discussion of study 
power, clarified the nature of a planned exploratory analysis, 
provided more information about the measures and about 
brain health, and defended our use of qualitative methods with 
sensitising concepts. We also defended our choice of covariate 
use, which is by no means exhaustive but which was chosen with 
restrictions on participant time in mind (which we take seriously 
given that the study already has 13 observations). We would like 
to thank the peer reviewers and the editorial team for their help 
and time.

Any further responses from the reviewers can be found at 
the end of the article

REVISED
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Design and study setting
The study uses a mixed methods design. Quantitative methods 
are used to investigate whether befriending moderates the  
impact of loneliness on health-related quality of life and 
brain health. Qualitative methods are used in an exploratory  
supplementary fashion to explore potential mechanisms through 
which befriending impacts health. A mixed methods analysis 
will triangulate and integrate findings across the quantitative  
and qualitative approaches to arrive at an empirically justifi-
able theory of the mechanisms through which befriending 
might impact health. For the quantitative study component,  
participants can choose to have their initial informed consent 
meeting in their homes or in testing suites in the host research  
institution. Participants are eligible if they live within an 
hour’s drive of Dublin, Ireland. Thereafter, data collection is  
phone-based. For the qualitative study component, interviews 
can be conducted in person or over the phone, depending on  
participant preferences.

Sample
Quantitative component: Sample size was calculated to ensure 
that the study was sufficiently powered. Power in single-case  
experimental designs is a function of the following: sample size 
(number of observations per phase multiplied by number of par-
ticipants), intraclass correlation (ratio of between-case variance 
to total, or within and between case variance), auto-correlation,  
effect size to be detected, and the nominal Type 1 error 
rate (Shadish et al., 2014a). A rigorous approach described  
by Shadish and colleagues (2014a) to calculating sample size 
uses the alternative d-statistic to the traditional statistic used 
in between-subjects designs for single case designs. Our pri-
mary outcome of interest is health-related quality of life, which  
will be measured using the EQ-5D scale (see Outcomes). The  
minimally important difference in this scale has previously 
been calculated as 0.074 (Walters & Brazier, 2005) and norms  
of the EQ-5D have yielded a standard deviation of 0.23  
(Kind et al., 1999). These figures were used to estimate an 
effect size (using Shadish’s alternative d-statistic) of 0.32. 
Using this figure in a simulation macro provided by Shadish and  
colleagues (2014a), with intraclass correlation set to a con-
servative estimate of 0.5, autocorrelation set to same, and alpha  
set to 0.05 for a multiple baseline design) with 13 observa-
tions (i.e. a period of six months, specified to be at least two 
observations in “A” phase, and the rest in “B” phase) per  
participant, and desired power of 0.8, a sample size of 85 is 
required. This sample size also provides sufficient power (0.9) 
for the secondary outcome (brain health), calculated using the  
same approach described above.

Qualitative component: 10–15 befriendee-befriender pairs will 
be recruited via the collaborating organisation. Sample size  
estimation in constructivist grounded theory is guided by data 
review after 3–4 interviews are conducted to assess thematic 
saturation (Charmaz, 2006).

Sample selection and recruitment
Quantitative component: Participant recruitment is purposive 
and non-probability. Participants are recruited via ALONE, a  

charity organisation based in Dublin who offer, among other 
services, a befriending service for older adults. Participants 
will be recruited from the pool of individuals who contact 
ALONE to enquire about these befriending services. Typically, 
such individuals are referred from other services (e.g. GP  
services) and a visit is arranged to discuss service uptake. 
For the period of the proposed study data collection, ALONE 
staff members will include two additional questions to their  
routine visits – whether individuals self-report as lonely, 
and whether they would be interested in participating in an  
evaluation of the services. If individuals wish to be involved, 
they will receive information followed by a phone call from 
the project research assistant. If the participant is screened as  
eligible for the study, and is willing to participate, an initial 
data collection appointment will be made (with fortnightly 
appointments to be scheduled following this point for the 
remainder of the participant’s involvement in the study, up to a  
total of 11 post-intervention data collection points, or a period  
of six months).

An average of 35 (range 18–66) individuals were referred 
to ALONE each month between May 2016 and April 2017 
(with a positive trend in numbers, likely owing to increased  
recruitment efforts on the part of ALONE). Of these, a con-
servative estimate is that 50% (17) would be interested in  
receiving a befriending service. A recent evaluation of ALONE’s 
befriending service found that 40% of service users defined  
themselves as lonely prior to service uptake (Burke, 2015). 
As such, 10 participants can be expected to self-identify 
as lonely, and thus be considered to be eligible for further  
screening into the study. Assuming a response rate of 50%, 
approximately five individuals could be recruited per month, 
meaning that the target of 85 participants is likely to be  
reached across 17 months of data collection. Given that six 
months are required as the follow-up period, this means that a  
minimum of 23 months’ data collection period is required.

Qualitative component: Participant recruitment is purposive,  
non-probability sampling, from those already using the 
befriending service.

Inclusion criteria for quantitative component:

•     �Living in the greater Dublin area.

•     �Participants must have contacted ALONE with an  
interest in receiving befriending services, and must be 
on a waiting list to receive such services at the time  
of their trial registration.

•     �Participants must be aged 60 and over.

•     �Participants must have the ability to provide informed  
consent.

•     �Participants must self-report that they experience  
loneliness “at least sometimes”.

Exclusion criteria for quantitative component:

•     �Participants must not self-report receipt of a diagnosis  
from a medical doctor of any of the following:  
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intellectual disability including autism spectrum dis-
order or psychotic disorder, dementia, serious memory 
impairment

•     �Participants must not live further than an hour’s drive  
from Dublin.

Inclusion criteria for qualitative component:

•     �Participants to be recruited in pairs must have been  
paired as befriender-befriendee for at least six months, 
and the befriendee must have been in receipt of any  
befriending from the service for a minimum of one year.

•     �Living in the greater Dublin area.

•     �Befriendees must be aged 60 or over.

•     �Both pair members must have the ability to provide  
informed consent.

•     �Both pair members must have sufficient language ability  
to engage in the interview.

Intervention
The intervention is a befriending service. This service provides 
companionship to older people who would like extra social  
contact, through a weekly visit from a volunteer befriender.  
The volunteer befriender provides companionship and small  
practical supports where necessary and appropriate. The timing 
of the weekly visit, along with the nature of these visits  
(e.g. activities the befriender-befriendee pair may wish to  
complete together), is agreed between the older person and  
their volunteer befriender. ALONE recruit volunteers to provide 
the befriending service. Recruitment, training, and perpetual  
support is offered by staff at ALONE whose remit is to manage  
the befriending service. ALONE also have staff members who 
discuss a range of potential services and benefits available 
in the community and through ALONE with the older adults  
who contact them. At this initial meeting, older adults are told  
about the befriending service and can opt in to receiving this 
service. If an older adult expresses interest in the befriending  
service, they are then told about the research study running  
concurrently with the service. They are told that the service is 
available to them regardless of whether they are interested in the 
research study, and that their involvement in the study has no  
bearing on their receipt of the service. If the older adults are  
interested at this point in the research study, ALONE staff  
request verbal consent to pass their contact details to the  
research team. ALONE befriending service staff contact the 
older adults to discuss the befriending service with them at  
this point. They are made aware that the goal is for service  
users to be matched to a befriender as soon as possible and  
that before this match takes place at least two observations will 
be made (one initial, and one after a period of two weeks, and  
thereafter). If a participant is matched before two observa-
tions are delivered, this means that the participant has exited 
the baseline period of the trial early and their data may be  
excluded from the final dataset. Participants are asked about 
any preferences they may have in relation to their befriender by  

ALONE staff, who then attempt to find a match for them. 
The befriending match also takes into account location of the  
service user and potential befriender. Once a match has been 
made, the service user is informed, and staff from ALONE  
accompany the befriender to the home of the service user for an 
initial visit. Adverse events arising from participants’ receipt  
of the befriending service will be the responsibility of ALONE,  
as is normal practice.

Receipt of the befriending service intervention is at the discre-
tion of the service user. They are permitted to withdraw from  
the service at any time if they wish, or request an alternative 
befriending partner. Should participants withdraw from the 
befriending service they will be invited to continue with data 
collection since this will facilitate the examination of ABA  
(no intervention, intervention, no intervention) phased analy-
sis of the trajectories of outcomes (on an individual basis, 
with trends rather than inferential statistics being the focus). 
After completion of the study data collection, it is anticipated 
that participants will continue to receive the intervention  
indefinitely, at their discretion.

For the purpose of this study, participants are their own  
comparators. The reason for this is that the service under  
investigation is already running in the community and desirable 
to potential participants. As such it would be unethical to create  
a control arm as a comparator since these participants would  
then fail to receive the befriending service that they have  
requested in good time. The study design permits the research 
team to measure study outcomes before and after the interven-
tion (befriending service) commences delivery, for a six-month  
period. As a result, participant outcomes after commencement 
of the intervention can be compared to those outcomes before  
this event.

Adherence
In relation to involvement in the research study, the research 
assistants will make every effort to be flexible with their  
appointments for observations, which take place every two 
weeks. If participants miss observations, the research assistants  
will provide opportunities for additional observations at the end 
of the expected 26 weeks, and if this is not possible, and the  
participant is overly taxed with their engagement in the study, 
research assistants will suggest that they participate at least 
in the final time point (after 26 weeks) since our statistical  
modelling techniques can still garner trends based on these  
incomplete data. 

No prohibitions are placed on study participants or their  
befrienders during the trial. Since participants are linked in 
with general support coordinators over the course of their  
engagement with the trial, they may be in receipt of other  
services as requested/required. Support coordinators in ALONE 
link older adults with a range of nationally available services. 
The trial ends six months after registration for participants.  
However, the service persists for as long as participants  
require or desire. ALONE recommend a year-long commitment 
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in the first instance to befrienders, so in most cases participants 
will retain their befriending service visits from the same  
volunteer. However, it is possible that befrienders will with-
draw or that participants will request a change in befriender 
during the trial lifespan. In this event, data collection will  
continue, and the withdrawal or change in befriender will be  
modelled as a covariate in the statistical analysis.

Outcomes
Primary outcome: Changes in health-related quality of life 
over six months. EuroQOL (quality of life) five-dimension scale 
with five response levels (EQ5D-5L) (Rabin et al., 2014). This  
scale is a well-validated scale of health-related quality of life,  
measuring five dimensions of health: mobility, self-care, 
usual activities, pain, and anxiety/depression. The score is  
suitable for repeated measures and yields scores of five levels 
of severity for each dimension. Scores can then be combined  
into a single summary index of utility. A score of 0 on the  
EQ5D indicates death, while a score of 1 indicates perfect  
health. The EQ5D-5L is administered at each of 13 observa-
tions made two weeks apart for a minimum of two observations  
before the intervention begins and a maximum of 11 observations 
after.

Secondary outcome: Changes in brain health over six months. 
Measurement and definition issues remain in the study of brain 
health, but most studies exploring this concept rely on either 
global or domain specific measures of cognitive function which 
are known to decline in later life, such as memory and execu-
tive function (Wang et al., 2020). Repeated testing of cognitive 
functioning can result in practice effects, and two strategies  
are put in place to minimise these. First, specific analytic strate-
gies will be used to detect and account for practice effects in 
the data. Second, tasks are chosen to minimise the effects of 
practice on outcomes (Goldberg et al., 2015). Two alternating 
versions of the verbal fluency task from the Delis Kaplan  
Executive Functioning System or DKEFS (Delis et al., 2001) 
are available for this purpose, and will be used alternately at 
observations across 13 timepoints. The DKEFS is a stand-
ardised set of executive function tests designed for use across 
the lifespan. There are nine test in the DKEFS, including the 
trail making test, the tower of Hanoi test, and the colour-word  
interference test. Tests from the DKEFS can be used alone, and 
the verbal fluency task was chosen, because as well as meas-
uring an aspect of brain health (Wang et al., 2020), as it is a  
well standardised measure which incorporates an alternate ver-
sion so that practice effects can be reduced (of key concern in  
a study design with 13 observations).

Time-varying moderator: Change in loneliness over six  
months (13 observations). Loneliness is measured using the  
modified five item University of California Los Angeles 
(UCLA) loneliness scale (Russell, 1996) at each of 13 observa-
tions made two weeks apart for a minimum of two observations  
before the intervention begins and a maximum of 11 obser-
vations after. In this scale, five items ask participants to rate 
how frequently they experience each aspect of loneliness, 
and scores are summed to yield a range of 0-10 (with higher 

scores indicating more loneliness). The scale is well-validated 
with high internal consistency (alpha = 0.89) and test-retest  
reliability (r = 0.73 over two months), and has been used in 
cohort studies of ageing internationally including the Irish  
Longitudinal Study on Ageing (Kenny et al., 2010).

Time-varying covariate: Change in social isolation. The 
revised Lubben Social Network Scale is a short (six item) and 
well-validated scale to measure social isolation in older adults  
(Lubben & Gironda, 2004). Six questions probe the level of  
received support from family and friends. Responses are  
equally weighted and give scores of 0-30 with higher scores  
indicating more perceived social support/less isolation.

For all above outcomes, change over time is the analysis metric. 
All outcomes are measured a maximum of 13 times from which  
trends can be created. Trends will be treated as random effects 
to account for inter-individual variation and intra-individual  
variation. All outcomes were chosen with clinical relevance 
in mind. Befriending services are typically provided because  
of loneliness so it is crucial to explore whether loneliness  
typically reduces as a result of uptake in the service. Health- 
related quality of life and brain health are two of the most  
critical outcomes for older adults.

Procedure
Obtaining consent. The trial research assistants will be trained 
by the trial Principal Investigator to obtain informed consent.  
The research assistant will obtain informed consent at the first 
observation point, which will normally take place in the home 
of the participant. After participants express an interest in the 
study to the ALONE service, the research assistant will provide 
them with information leaflets and an informed consent form 
by post (see Extended data; Hannigan et al., 2020). Following a  
period of at least seven days after the information is likely to 
have been received by the participant, the research assistant 
will contact the potential participant and at this point, if they 
are still interested in the study, conduct a short screen (based 
on the above inclusion and exclusion criteria) by phone. If  
eligible, the potential participant will then receive a home visit 
from the research assistant to discuss informed consent and if  
consenting, to conduct the first observation. Once the research 
assistant is satisfied that the potential participant has read 
(or had read to them) and fully understood the information  
leaflet, they will proceed to obtain written informed  
consent. The written consent informs participants that they are  
permitted to withdraw from the study at any time, and they 
will take their own copy of this consent form and information  
leaflet, signed by themselves and by the research assistant, from 
this first meeting. Contact details of the broader research team 
are available on this leaflet should participants wish to discuss the  
study or their involvement further.

Participant timeline. The participant timeline is illustrated in  
the schematic diagram (see Figure 1). Participants can be  
enrolled to the study between November 2018 and January  
2021. Enrolment involves a washout period of seven days after 
provision of information leaflets, to allow participants time 
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Figure 1. Schedule of enrolment, interventions, and assessments for HALO study participants.

to consider their potential participation. Enrolment follows a  
positive eligibility screen, and informed consent is taken at 
the point of enrolment (t

1
). The first observation is made at this 

time point too. This observation includes baseline (non-time  
varying) covariates. These covariates are age, gender, number 
of years in education, marital status (responses are single,  
divorced, separated, married living with spouse, cohabiting 
with partner, divorced), living status (living alone, living with 
spouse only, living with child/stepchild/grandchild, living with  
another relative, living with unrelated individuals). The out-
comes and time-varying covariate (social support) listed above  
are measured at each of the 13 observations. The first observa-
tion is made in person while all subsequent observations are  
made by phone.

Data collection and management. Data for the quantitative 
aspect of the study will be collected at 13 time-points, using a  
structured assessment form. The baseline assessment is admin-
istered during an initial visit to the participant’s home, where 
informed consent will first be obtained. All subsequent  
assessments take place by phone, at fortnightly intervals 
over a period of six months. The measures included in the  
quantitative assessments are described in detail in the outcomes 
section above. The project research assistant will collect and  
manage all quantitative assessment data. A number of measures 
are in place to promote data quality. Written standard operating  
procedures are used for data collection and input, including  
scripts and instructions for administration of all measures. The 
research assistant is experienced in conducting psychosocial 

and neuropsychological assessments with older adults, and also  
received initial training from the senior investigators to ensure  
competence in administering the specific study measures.

Qualitative data will be collected during a semi-structured  
dyadic interview with befriendee-befriender pairs (interview  
guides are available as Extended data; Hannigan et al., 2020). 
These interviews will be conducted by the project research 
assistants and senior investigators, who are experienced in  
collecting qualitative interview data. All interviews will be audio 
recorded using a digital recording device.

Since data collection takes place every two weeks, the research 
assistant will be in regular telephone contact with research  
participants. To promote retention, phone assessments will  
be scheduled for a regular time/day that the participant has 
identified as being convenient. In the case of a missed obser-
vation, the research assistant will make multiple follow-up 
contacts in an attempt to complete the assessment. The sta-
tistical modelling techniques being used can accommodate 
incomplete data, therefore continued engagement will be  
encouraged even if an observation is missed. If a participant 
is overly taxed with their engagement in the study, research  
assistants will suggest that they participate at least in the final  
time point (after 26 weeks).

Quantitative data is initially collected using written assess-
ment booklets. Data from these booklets are then entered into an  
electronic file for further processing and analysis. Quantitative 
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data entry is conducted by the project research assistant. Data 
entry and initial processing is conducted using Microsoft Excel; 
an Excel-based data entry system was developed that includes 
automated processes designed to reduce human error during 
data entry and processing. These include instructive prompts,  
automated range checks for all values and automated calcula-
tion of total/scale scores etc. Ongoing data audit procedures are  
also used by research team members not including the project 
PI to ensure data quality, including cross-checking of scoring 
and data entry by a second member of the study team for a  
random sample (10%) of cases.

Qualitative interview data is recorded using a digital record-
ing device. All audio recordings will be transferred to a secure  
PC system immediately after interviews and then deleted 
from the digital recording device. These audio recordings will 
then be transcribed verbatim for analysis. Transcripts will be  
checked against audio recordings to ensure data quality.

All research data in both written and electronic records are 
stored under a unique participant ID code, and no identifying  
information is included in either written or electronic data files. 
Written assessment booklets are stored securely in a locked  
filing cabinet within a locked office at the host institution. All 
electronic data files (quantitative data file, qualitative audio  
recordings and transcripts) are password-encrypted and stored 
on a password-protected, secure PC system within locked  
offices at the host institution. Access to these files is limited 
to members of the research team. All data management pro-
cedures have been approved by the relevant Research Ethics  
Committee within the host institution. A Data Protection Impact 
Assessment (DPIA) was also submitted and approved by the 
Data Protection Office within the host institution. Should 
any protocol amendments be required throughout the dura-
tion of the study, the PI will take responsibility to inform the 
research ethics committee (and apply for ethical approval 
afresh, if required), the funder, ClinicalTrials.gov, journals, 
collaborators, and trial participants if necessary. The named  
collaborators (authors of this protocol) will have access to the  
final dataset.

Confidentiality. To maintain confidentiality, all participants  
are assigned a unique study ID code. All study data is collected  
and stored under this ID code, separate from personal  
identifying information. ALONE will provide the research team 
with contact details (name and phone number) for potential  
participants, subject to the consent of the participant for that  
information sharing. At this point a study ID code will be  
assigned to the potential participant. The research assistant 
will maintain a ‘key’ file which will link the participant’s study  
ID code to their name and personal contact information.  
Further contact information such as addresses for home visits 
will be collected by the research assistant at study enrolment,  
and added to this ‘key’ file. This electronic, password-encrypted 
file will be stored on a password-encrypted, secure PC system.  
Access to this file will be limited to the research team, and will 
be used only to arrange home visits, or to allow the research  
team to withdraw data from the study if requested. Participants 

provide informed consent for the processing and storage of their 
personal data as outlined above.

Analytic plan
In order to test hypothesis 1, that befriending services will lead 
to a positive change in health-related quality of life and brain  
health, two separate generalised additive models will be  
performed. Data are longitudinal, with 13 time points at which 
they are collected, before and after a befriending match has 
been made. The data analysis protocol for the quantitative  
component of the study is as follows: first, after data collection 
and audit, visual inspection of plotted data at the individual and 
group level will be done for both outcomes of interest. Next,  
pre-intervention and post-intervention trends will be inspected, 
as well as mean shifts, slope changes, and variability across  
participants. With respect to verbal fluency as an outcome, data 
will be analysed for practice effects using published guidelines  
(Vivot et al., 2016) and if practice effects are detected, this 
should be specified in the final model. The modelling of these  
practice effects is itself of interest and can inform future  
research attempting to conduct repeated cognitive measures. 
If practice effects are considerable, this could represent a risk  
for the interpretability of the results, but since the cognitive  
outcome is a secondary measure in the study design, this risk 
does not affect the overall study feasibility. Inferential analyses 
will be conducted using a generalised additive model (GAM)  
(Shadish et al., 2014b) based on a multilevel approach where  
time points are nested within participants (Shadish et al., 2014b). 
This approach is semi-parametric, and calculates autocorrela-
tions from extracted residuals. Time will be scaled such that point 
0 is the end of the baseline (two time points of data collection  
will be conducted during baseline). The GAM approach  
improves on some key limitations of the multilevel approach, 
since with the latter, the functional form of the trend must be  
known, whereas in the former, a smoothing function can be 
used to model the trend in the data. The moderation effect  
(investigating whether befriending moderates the impact of 
loneliness on health and cognitive function) is modelled as an  
interaction term: the product of the two predictors (loneli-
ness and befriending phase, operationalised as 0 indicating  
pre-intervention, and 1 indicating post-intervention). This  
modelling approach will be deployed using the mgcv package 
 in R Studio software (Wood, 2011).

The GAM approach is relatively robust to missing data, and  
imputation can be incorporated into the analysis. An additional 
advantage of the GAM approach is that equal numbers of data 
points per participant is not a requirement.

Statistical code will be published with any publication to arise 
from the study. Participant level data will not be archived, but we  
hope to make available a covariance matrix arising from the 
data, which can be shared upon reasonable email request.

The next step in the analysis plan concerns the qualitative data. 
The qualitative interview data will be analysed according to  
principles of constructivist grounded theory (Charmaz, 2006) 
in three parts: befriender interviews, befriendee interviews, and  
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dyadic interviews. Existing findings about potential mechanisms 
through which befriending may impact health will serve as  
sensitising concepts in these interviews. Themes arising from 
all three types of interview will be integrated and compared as 
per existing guidelines (Eisikovits & Koren, 2010). Finally, a 
mixed methods triangulation protocol will finally be conducted 
to integrate the qualitative and quantitative findings (Tonkin- 
Crane et al., 2016).

Oversight and monitoring
The trial is being conducted in only one centre so all coordi-
nation of trial activities is managed by the core research team  
at the host institution. Other project governance structures  
include a Project Management Board and a Project Steering  
Group. The Project Management Board is made up of the 
wider project team and meets once per quarter to review 
project progress and discuss plans for upcoming activities. A 
Project Steering Group is made up of client representatives 
from ALONE, representatives from the Befriending Networks  
Ireland (BNI) Advisory Panel and members of the wider 
project team. This Steering Group will meet on multiple occa-
sions throughout the project to provide the research team 
with additional input and perspectives on the outcomes being  
studied; to ensure that the research topics, planned methodolo-
gies, language and format of study materials etc. are appropri-
ate and acceptable; to assume the role of data monitoring; and to  
advise on and be involved with dissemination activities such as 
public workshops.

Ethics
This study has received ethical approval from the Faculty of  
Health Sciences REC at Trinity College Dublin (Ethical  
Approval Reference Number: 180501). Any changes to 
the trial protocol that require an amendment to the existing  
ethical approval will be submitted in writing to the relevant 
REC at the host institution. Any proposed changes to the  
study protocol will be discussed and approved at a meeting 
of the Project Management Board. If any significant changes 
are made to the protocol that will impact on participants’  
engagement with the study (e.g. changes to eligibility criteria 
or outcome measures), participants will be contacted to  
discuss these and a written description of these changes will  
be posted to participants where appropriate.

Dissemination plans
Conference presentations and publications in peer-reviewed  
journals will be one method of dissemination. These will be done 
following the data analysis and prior to the process of appli-
cation and translation of study results. Two publications (one  
describing quantitative outcomes in a health psychology journal, 
one describing mixed methods findings in a health and ageing  
journal), and two conference publications (one national -  
Irish Gerontological Society, and one international - Gerontologi-
cal Society of America or EU Geriatric Medicine Society) will  
likely arise from the study with all collaborators (co-authors 
of this protocol) invited to participate in authorship follow-
ing ICMJE guidelines on authorship criteria. Dissemination  
activities tailored to the needs of the knowledge user  

organisation will also be conducted, such as presenting the  
research at knowledge user events, and engaging in public 
relations exercises with personnel from the knowledge user  
organisation, to raise awareness of the research and of the 
available befriending services. Policy recommendations will be  
diffused across stakeholders, and disseminated to policymakers, 
and findings will finally be disseminated to community members  
in the form of a launch event with a lay report provided.

Study status
Recruitment and data collection for both the quantitative and  
qualitative components of the study are ongoing. Recruitment 
to the quantitative component began in November 2018. To  
date a total of 49 participants have been recruited to the quanti-
tative study. Recruitment to the qualitative component began 
in November 2019 and a total of seven befriender-befriendee  
dyads have completed qualitative interviews to date. It is  
anticipated that recruitment for both components will be  
completed by December 2020.

Discussion
This protocol describes the pragmatic, embedded evaluation 
of an existing service which claims to reduce loneliness and  
mitigate the impact of loneliness on health outcomes for older 
adults. Currently we are recruiting during the COVID-19  
pandemic in which, nationally, older adults are among those  
being advised to “cocoon” and remain in the home, potentially 
leading to increased risks of loneliness and social isolation, 
and higher country-level demands for services to resolve such  
issues. Inevitably, recruitment has slowed down because fewer  
services are available to older adults, but recruitment is begin-
ning to recover (June 2020). All data collection and recruitment  
procedures are, for the time being, conducted by phone to 
avoid face-to-face visits yielding increased risk of COVID-19  
transmission to older adults. Since our sample are at risk of 
social isolation, it is possible that the data collection process 
itself will constitute social engagement, and we will reflect 
on this during the data collection process. It is hoped that the 
completion of our study will add to the evidence base for the 
uptake of befriending services for older adults at risk of, or  
experiencing, loneliness and social isolation.

Data availability
Underlying data
No data are associated with this article.

Extended data
Open Science Framework: HALO: Loneliness and Health: The 
moderating role of befriending services https://doi.org/10.17605/
OSF.IO/YKZTP (Hannigan et al., 2020)

This project contains the following extended data:

-     �HALO Consent Form_Qualitative Study.pdf

-     �HALO Consent Form_Quantitative Study.pdf

-     �HALO Participant Information Leaflet_Qualitative  
Study.pdf
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The cognitive measures of "brain health" are not described in enough detail. 
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○

Social contacts outside of alone 
 

○
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you have ideas about potential mechanisms that you are going to explore ( qualitative 
design would not be a suitable method) or rather you will explore subjective understanding 
of benefit of befriending which may lead to testable potential mechanisms of impact of 
befriending on health ( if any).
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Partly

Are sufficient details of the methods provided to allow replication by others?
No
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significant reservations, as outlined above.

Author Response 27 Jan 2022
Joanna McHugh Power, Maynooth University, Kildare, Ireland 

Dear Dr Dark, 
Thank you for your time and effort in reviewing our protocol. We have tried to respond 
carefully to each of your points, below, and made corresponding changes to our 
manuscript. (Reviewer comments in italics) 
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The use of the term "brain health" needs to be avoided or defined. 
 
Author Response: The term “brain health” has now been defined in the introduction. 
 
The cognitive measures of "brain health" are not described in enough detail. 
 
Author Response: Thank you – we have provided more detail. 
 
Potential confounders based on the following factors need to be accounted for:

Personality style 
 

○

Recent life events e.g. bereavement 
 

○

Current living situation e.g. alone , partnered with family 
 

○

Social contacts outside of alone 
 

○

Other meaningful social or recreational activity etc. 
 

○

○

Author Response: Thank you for giving us these potential confounds to consider – we do 
not have the resources, currently, to include these factors in our design, particularly given 
the necessity to keep participant load as low as possible with the intensive longitudinal 
design, but would be interested in exploring in future. 
 
Also I would qualify the aim of the qualitative section- it could be interpreted as meaning you 
have ideas about potential mechanisms that you are going to explore ( qualitative design would 
not be a suitable method) or rather you will explore subjective understanding of benefit of 
befriending which may lead to testable potential mechanisms of impact of befriending on health ( 
if any). 
 
Author Response: We have used constructivist grounded theory to design and ultimately 
analyse our qualitative data. Constructivist grounded theory allows for, and encourages, the 
use of sensitising concepts (Charmaz, 2006, Gilgun, 2014), which, for us, are potential 
mechanisms through which befriending may impact health. We have explained this in our 
manuscript.  

Charmaz, K. (2006). Constructing grounded theory: A practical guide through 
qualitative research. SagePublications Ltd, London.

○

Gilgun, M. (2014). Deductive qualitative analysis and grounded theory: sensitizing 
concepts and hypothesis testing. . In The SAGE Handbook of Current Developments in 
Grounded Theory (ed. A. Bryant and K. Charmaz). Sage Publications: SI.

○

 

Competing Interests: No competing interests were disclosed.

Reviewer Report 25 November 2020
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Felix Naughton   
School of Health Sciences, University of East Anglia, Norwich, UK 

This is an excellent use of an aggregated within-person experimental design. The manuscript was 
very well written and clear. Some clarifications need to be made regarding power, but other than 
that this looks to be a high quality study. 
 
I am not so sure these are technically single cases experiments, as they are analysed together 
rather than N-of-1? The N-of-1 reference half-way through doesn’t help resolve this ambiguity. But 
this is very minor point. 
 
I wasn’t familiar with the ‘mezzo’ label before, and usually know this as the ‘meso’ level. 
 
The authors provide a very detailed description of the sample size estimation. It would be useful 
for them to add in the parameter estimates for hypothesis 2, as I was interested to read that the 
power would be greater for a moderation analysis than a main effect analysis (though this could 
be explained by my point in the paragraph below). Connected to this, brain health was listed as a 
key outcome measure in the hypotheses but did not feature in the power/sample estimation. 
Perhaps early on the EQ5D should be described as the primary outcome and ‘brain health’ as a 
secondary outcome? 
 
One potential flaw is that there will only be two observations before befriending occurs (in the ‘A’ 
period) with most observations happening in the ‘B’ intervention phase. I can see why this is done, 
from a pragmatic perspective, but this imbalance will reduce the power of the study compared to 
having equal measures between phases. This is the equivalent in a traditional experiment of 
having for example 110 people in the intervention arm and only 20 people in the control arm. The 
authors don’t seem to have considered this explicitly in their sample size/power estimation, so it’s 
not clear if they have taken this into account. The fact that the moderation analysis (testing 
interaction) has more power than the main effect analysis suggests perhaps this imbalance may 
have been taken into account? If not, this would make great a big difference to power. 
 
The authors suggest that if a participant discontinues using the befriending service, then they will 
move the participant (with their agreement) into an ABA N-of-1. While this is pragmatic, I am not 
sure how useful this data will be as this study isn’t set up as an N-of-1 as power is based on the 
aggregation of individuals. With only 13 data points per participant, and probably a limited 
number of intervention observations (during ‘B’) this may have very low power. 
 
Not being familiar with the ‘Delis Kaplan Executive Functioning System’ I suggest for readers like 
myself some explanation is provided to how it measures executive functioning. 
 
Should the authors consider in the discussion that being involved in a study and getting a 
telephone call every two weeks might itself reduce loneliness?
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Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Partly

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Health psychologist with experience of single case and within-person 
methodology.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Author Response 27 Jan 2022
Joanna McHugh Power, Maynooth University, Kildare, Ireland 

Dear Dr Naughton, 
Thank you for your time and effort in reviewing our protocol. We note with thanks that you 
have approved the protocol’s publication. We also wish to respond to your thoughtful 
comments, in turn, below (Reviewer comments in italics). 
 
I am not so sure these are technically single cases experiments, as they are analysed together 
rather than N-of-1? The N-of-1 reference half-way through doesn’t help resolve this ambiguity. 
But this is very minor point. 
 
Author Response: Thank you, we were not too sure about this either. We follow Hedges’ 
description of aggregated SCED, as cited. However, we have now removed the mention of 
N-of-1 in this article, since we agree it confuses things. 
  
I wasn’t familiar with the ‘mezzo’ label before, and usually know this as the ‘meso’ level.  
 
Author Response: It is ‘mezzo’ in the cited Berkman paper and causal cascade model, so we 
thought it would be most consistent to leave it as such!   
 
The authors provide a very detailed description of the sample size estimation. It would be useful 
for them to add in the parameter estimates for hypothesis 2, as I was interested to read that the 
power would be greater for a moderation analysis than a main effect analysis (though this could 
be explained by my point in the paragraph below). Connected to this, brain health was listed as a 
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key outcome measure in the hypotheses but did not feature in the power/sample estimation. 
Perhaps early on the EQ5D should be described as the primary outcome and ‘brain health’ as a 
secondary outcome? 
 
Author Response: Thank you, on reflection, we can see the confusion in the manuscript 
and have more clearly and consistently identified EQ5D as the primary outcome and brain 
health as secondary, throughout. With regards to the parameter estimates for hypothesis 2: 
the (higher) power of 0.9 in the manuscript is the power of the secondary outcome analysis 
(i.e. brain health) rather than the power of the moderation analysis, which we did not 
calculate. 
 
One potential flaw is that there will only be two observations before befriending occurs (in the ‘A’ 
period) with most observations happening in the ‘B’ intervention phase. I can see why this is done, 
from a pragmatic perspective, but this imbalance will reduce the power of the study compared to 
having equal measures between phases. This is the equivalent in a traditional experiment of 
having for example 110 people in the intervention arm and only 20 people in the control arm. The 
authors don’t seem to have considered this explicitly in their sample size/power estimation, so it’s 
not clear if they have taken this into account. The fact that the moderation analysis (testing 
interaction) has more power than the main effect analysis suggests perhaps this imbalance may 
have been taken into account? If not, this would make great a big difference to power. 
 
Author Response: The sample size estimation we used was based on the work of Shadish 
and colleagues (2014) and calculates a d statistic which takes into account, for ABk designs, 
number of time points per phase. In doing so, the imbalance between the A and the B 
period is taken into account. We agree that the pressure to conduct the trial in a pragmatic 
manner (i.e. having participants continue to receive the service they sought, rather than 
having them return to an “A” control period) does somewhat have the potential to adversely 
affect the power of the analysis – this is, we hope, offset by the use of this sample size 
estimator. We have edited the protocol manuscript to include a brief line providing more 
information about the sample size estimation (under “Sample”). 
 
The authors suggest that if a participant discontinues using the befriending service, then they will 
move the participant (with their agreement) into an ABA N-of-1. While this is pragmatic, I am not 
sure how useful this data will be as this study isn’t set up as an N-of-1 as power is based on the 
aggregation of individuals. With only 13 data points per participant, and probably a limited 
number of intervention observations (during ‘B’) this may have very low power. 
 
Author Response: Our aim was to analyse these cases on an individual basis rather than 
aggregated, as they arise. We agree this is likely to be underpowered but probably best 
seen as an exploratory supplemental analysis, designed to allow us to inspect trends in 
outcomes in ABA phases. We have clarified this in the manuscript. 
 
Not being familiar with the ‘Delis Kaplan Executive Functioning System’ I suggest for readers like 
myself some explanation is provided to how it measures executive functioning. 
 
Author Response: We now include a brief explanation of the Delis Kaplan system in the 
text, apologies for the omission. 
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Should the authors consider in the discussion that being involved in a study and getting a 
telephone call every two weeks might itself reduce loneliness? 
 
Author Response: This is a concern in any study of loneliness – we have mentioned this in 
the discussion now.  

Competing Interests: No competing interests were disclosed.
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